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Abstract 
Orthopaedic implants are typically designed using accurate computer 
tomography (CT) based 3D models of long bones. Unlike CT, magnetic resonance 
imaging (MRI) does not involve ionising radiation and would therefore be a 
suitable alternative to CT. This study aims to quantify the accuracy of MRI based 
3D models of long bones. 
The femora of three intact cadaver ovine limbs were scanned using 1.5T MR 
and CT scanners. Image segmentation was performed using adaptive thresholding. 
Reference models were generated by digitising the dissected bone surfaces. The 
MR derived models were validated against reference and CT derived models.  
The MR derived models generated mean errors of 0.23, 0.25, 0.22 mm, and 
0.20, 0.21, 0.20 mm compared to the reference and CT-based models, respectively. 
For all models, the shaft was more accurate than the distal and proximal ends. 
The results indicate that the accuracy of MRI-based models is comparable to 
that of CT-based models. 
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1. Introduction 
Orthopaedic implants are typically designed
(1)
 using accurate CT based 3D models of 
long bones. CT scans are used because of their high soft tissue-bone contrast. However, CT 
scanning exposes a subject to a high amount of ionising radiation which limits the use of it 
on healthy human volunteers for obtaining data for research purposes. The alternative use 
of cadaver specimens is also limited, as most of the available cadavers are from old 
donors
(2)
. 
MRI is not routinely used for the imaging of bones due to difficulty of segmentation 
between bone and certain soft tissues, limited availability as well as higher cost compared 
to CT. However, MRI has the advantage of not using ionising radiation and is therefore 
ideally suited for acquiring morphological data from human volunteers. Preliminary studies 
have shown that MRI is a potential alternative to CT 
(3)
 for long bone scanning, although 
further validation is needed. 
The overall goal of this study is to formally quantify the accuracy of MRI-based 3D 
models of long bones. 
2. Methods 
CT scans (Philips, Brilliance 64) of the femur from three fresh intact ovine cadaver hind 
limbs were acquired with 140 kVP, an in plane pixel size of 0.4 mm x 0.4 mm and slice 
spacing of 0.5 mm. MRI data of the intact specimens was acquired with a 1.5T scanner 
(Siemens Magnetom Avanto) using a 3D Flash sequence, TR = 11 ms, TE = 4.94 ms, Flip 
angle = 15°, slice thickness = 1 mm, and pixel size = 0.45 mm × 0.45 mm. 
The grey level thresholding of the images was conducted using three different threshold 
levels for proximal, shaft and distal regions with the help of AMIRA 4.1 (Mercury 
  
Computer Systems). To eliminate user-dependent errors, appropriate threshold values were 
determined with the aid of the Canny edge detection filter available in MATLAB 
(Mathworks, USA) 
(4)
. In this method, the outer edge of the bone was detected using the 
Canny edge detection filter. Then the intensity levels of pixels which make up the edge 
were used to calculate the average threshold level for the specific region. The reference 3D 
models were generated by digitising the surface of the soft tissue-free bones with a contact 
3D scanner (Roland MDX-20, resolution: 0.3 mm x 0.3 mm x 0.025 mm) and using 
Rapidform 2006 (INUS Technology) for rebuilding the digitised surfaces.  
In Rapidform 2006, the differences in surface geometry between a model of interest and 
the reference model were quantified as average distance with standard deviation. The 
quantification was conducted between whole bone models as well as between the proximal, 
shaft and distal regions, in order to determine the errors associated with different 
anatomical regions. 
3. Results 
Table 1: Results of comparison of MRI, CT and Reference models 
 
Bone models Difference (mm) Bone1 Bone2 Bone3 
CT-based vs Reference Mean (SD) 0.13 (± 0.14) 0.13 (± 0.15) 0.13 (± 0.14) 
MRI-based vs Reference Mean (SD) 0.23 (± 0.19) 0.25 (± 0.21) 0.22 (± 0.20) 
MRI-based vs CT-based Mean (SD) 0.21 (± 0.16) 0.21 (± 0.16) 0.20 (± 0.17) 
 
For the three MRI based models the proximal, shaft and distal anatomical regions 
showed the mean errors of 0.26 mm, 0.16 mm and 0.26 mm, respectively, compared with 
the reference models. 
4. Discussion 
This study evaluated the accuracy of the MRI generated 3D models of sheep long bones 
using adaptive thresholding as the segmentation method. 
The surface geometry of the CT derived models displayed a high accuracy with mean 
errors of 0.13 mm (Table 1). In comparison, the MRI-derived models contained slightly 
higher errors with average values of 0.23 mm, 0.25 mm and 0.22 mm when validated with 
the reference models. The lower bone-soft tissue contrast of proximal and distal regions of 
MR images could have introduced errors due to the manual processing of these areas while 
segmenting, as the segmentation of MR images required more manual processing than CT 
images. The larger MRI slice spacing (1 mm) compared to CT (0.5 mm) is likely to have an 
effect on the surface geometry of the reconstructed model. The 1 mm slice spacing may 
also be the most likely cause for the higher accuracy of the shaft compared to proximal and 
distal regions of the MRI based models
(5)
. In addition, the MRI based models generated 
mean errors of 0.21 mm, 0.21 mm and 0.20 mm when compared to the CT based models. 
This study reveals that the accuracy of the MRI derived long bone models is comparable 
to the CT derived models which indicates that MRI is a suitable alternative to CT for the 
imaging of long bones. 
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